disease in the children of the well-to-do classes. Is it not a fact that they nearly all make good recoveries and that death or amputation are both rare ? And does not this point to the conclusion that the best way to treat most of the children of the poor would be to send them out of London to places where they would get fresh air, good food and good nursing ?
I believe that at the present time there is more need for hospitals in the country for children with surgical tuberculosis than for any increase in the beds for children in London hospitals. If these cases of joint and bone tubercle could be treated in large numbers in such institutions it would free a great nmany surgical beds and would at the salme time offer the opportunity of good recovery to patients who are often not adnmitted into hospitals till tjie disease is too far advanced -for a satisfactory result to be obtained, whatever line of treatment may be then adopted. I am certain that at present more real good could be done by the building and endowing of such institutions in the country than by adding to the existing number of hospitals in this city; and I would further point out that for any given sum of money at least three beds could be provided for such cases in the country for the cost of one bed in town.
(III) THE ROLE OF VACCINE THERAPY. By A. BUTLER HARRIS, M.B. I HAVE considered it advisable, in discussing the role of vaccine therapy in this disease, to put before you the more recent work on the aetiology of tuberculous infection in children, particularly as so much stress is laid upon environment, and little enough has been said about infection by means of food. Further, it is not unprofitable to get a clear idea of the part played respectively by the human and the bovine strains of the tubercle bacillus.
I have included a few remarks on the diagnosis of tuberculous joints, because this subject is intimately bound up with the problem of immunization. LETIOLOGY. The Royal Commission, in the final report [13] on tuberculosis, has published evidence which goes to prove that a considerable amount of the tuberculosis of childhood is to be ascribed to infection with the bacilli of the bovine type transmitted to children in meals consisting largely of the milk of the cow. Bovine tubercle bacilli are apt to be abundantly present in milk as sold to the public, when there is tuberculous disease of the udder of the cow from which it was obtained. " This fact is generally recognized though not adequately guarded against. But these bacilli may also be present in the milk of tuberculous cows presenting no evidence whatever of disease of the udder, even when examined post mortem. Further, the milk of tuberculous cows not containing bacilli as it leaves the udder may, and often does, become infected with the foces or uterine discharges of such diseased animal. " A striking experiment by Dr. Sthnley Griffith, published by him in the appendix to the final report [14] of this Commission, corroborates these observations. He injected a no"n-tuberculous cow, which was giving milk innocuous to the guinea-pig, with 100 mg. of a culture of a tubercle bacillus of bovine strain. At the end of the first week after inoculation guinea-pigs fed on the milk of this cow developed tuberculosis. The cow died at the end of thirty days of acute generalized tuberculosis. The udder was normal and showed nothing of the nature of a tuberculous lesion either to the naked eye or on microscopical examination. He sums up the situation in the following words: " There arises, therefore, strong presumption that the milk of naturally tuberculous cows without udder tuberculosis will contain tubercle bacilli whenever in the course of the disease tubercle bacilli circulate in the blood-stream."
My own observations in general practice tend to throw grave suspicion upon milk as a source of infection. Tuberculous adenitis, the most usual tuberculous infection in children, is very rife amongst the children of the upper classes, more especially children who have been reared from infancy upon special cow's milk to which cream has been added, with a view to their more perfect feeding. If the milk has been sterilized the cream has not, for fear of scurvy rickets. This cream is derived from separated milk, during which process of separation it has been proved that tubercle bacilli are caught up by the rising cream and taken to the top. This class of infant and child is usually carefully guarded against the probability of infection froin known cases of tuberculosis, and it is therefore unlikely that infection has occurred from environment, as may easily happen among the children of the working class. In the latter, Kenwood has pointed out that a tuberculous environment undoubtedly is an important factor in the setiology of this disease.
In this class one would, a priori, expect that the infecting organisin would be of human origin.
It should be noted that in the final report of the Commission only four cases of joint tuberculosis are recorded, of which one was that of a girl, aged 14 years, the rest being adults. In all these cases the cultures and inoculation reactions followed those of the human type. Again, I find it recorded that in ten cases of primary alimentary tuberculosis four gave a bovine strain, and six a human. In another place, of twentyeight cases of alimentary tuberculosis in children under 12 years, in which the material for examination was obtained after death, fourteen were bovine and fourteen human. Lastly, in the second interim report, 1907 [15] , of fourteen cases of bovine type ten were primary abdominal, three had cervical glands, and one was that of pulmonary tuberculosis. Of forty cases of the human type of infection, eight were primary abdominal, ten respiratory, nine bone and joint, two genito-urinary, and eleven cervical glands. The evidence is, then, that in children infection of a bovine strain usually finds its way in through the alimentary canal. In a series of twenty cases of mesenteric gland tuberculosis detailed in the second interim report, eleven yielded cultures of the bovine strain. The cases recorded in the final report furnish additional evidence to that brought forward in the second report, that the tubercle bacillus of bovine origin can, when ingested, produce severe tuberculosis in children, and cause death through extensive local changes or generalization of the disease. The milk, however, from nursing mnothers who were phthisical did not produce tuberculosis in guinea-pigs.
As has been stated above, the majority of infections with the tubercle bacillus in children come through the alimexLtary canal. Hence the inevitable conclusion that in bone disease the infection is more frequently bovine in origin. Still, it must also be admitted that a very considerable number of bacilli found in the joints of children give the human reactions. As far as we know at present, it does not appear to matter very much clinically as regards joint infections whether the strain is of bovine or human origin. The same tuberculin appears to do equally well in every case, and the opsonic indices come out equally whether one or the other strain is used. It does, however, matter in respect to the general hygiene of the young child. The surroundings must be as free from the tubercle bacillus as the food.
With regard to the evidence that milk is a potential source of danger, unless it is sterilized, it has been shown that the report of the Tuberculosis Commission affords ample evidence, and Koch's assumption may be considered to be conclusively refuted. It is interesting to note in this connexion that in countries where unboiled milk is drunk, and the cows are kept in an artificial condition, as in this country, tuberculosis is rife. Brush has shown [1] that in Spain tuberculosis is a scourge, but across the Mediterranean, in Morocco, it is unknown, notwithstanding the fact that the hygienic surroundings of the Moors are, if anything, worse than those of the Spaniards. Again, in China, where no milk is drunk, there is little tuberculosis, but amongst the Tartars, who are a far finer race, it is very common; the latter, however, drink large quantities of milk. In South America, where all the milk is boiled on account of the hot climate, there is little tuberculosis; in North America it is a-perfect scourge, so much so, that of recent years the Americans have awakened to the fact and have instituted milk depots.
Shennan [8] says: "Speaking generally, the great danger to be apprehended is from dairy cattle, which are kept to a large extent in ill-ventilated byres and cowsheds, rather than from cattle kept in the open; the former being herded together under conditions favouring the transmission of disease from one to another, and its retention in a fairly constant ratio. . . . As great a proportion as 50 to 70 per cent. of cattle kept under such conditions has been found affected with tuberculosis by the tuberculin test, and the udders are found tuberculous in . 1 4 to 2 per cent." Clifford Allbutt, on the other hand, fed not only his family but also that of a neighbour on the milk of a cow which was exceptionally tuberculous, for some considerable period, without anybody being the worse for the experiment. Isolated evidence of this character, which is4purely negative, is of infinitely less value than that which tends to establish cause and effect.
There is ample evidence to show that tuberculous adenitis is often the precursor of a similar infection of the bones and joints. But whereas the former infection is extremely common, the latter occurs in comparatively few cases. The degree of adenitis is no guide as to whether the child may afterwards be infected as to its joints, if we except those massive infections with the tubercle bacillus which ravage the tissues simultaneously and indiscriminately.
Again, a child may be infected with adenitis to such an extent that operation may be necessary; he may make an apparent perfect recovery, and in two or three years may fall a victim to joint infection. Considering the frequency of tuberculous adenitis, and the infrequency with which other tuberculous infections follow, may we not suggest that the glands being the first defences of the body, do by auto-inoculations of a favourable intensity afford a natural protection against further ravages of this organism by the natural and regular production of antibodies? The use of tuberculin in adenitis is such that in my own experience, and that of those who have used it regularly, the necessity of operative interference has been reduced to what may almost be called a minimum.
DIAGNOSIS.
The diagnosis of a tuberculous joint in the earliest stages is often a difficult matter for the surgeon. Radiography has taken its place in the diagnostic outfit, telling us of the extent, if any, of the lesion; but it does not show, except indirectly, what is the nature of the infecting organism. It would appear that purely clinical diagnosis is liable to error, even in competent hands. Ely [3] , of Denver City, has recently published the pathological findings of specimens from sixty-two joints, which had been sent him. These had all been operated on for tuberculous disease, but microscopical examination showed that fifteen were not tuberculous. I have had no means of ascertaining the percentage of error that occurs in this country, but to me it is inconceivable that it should be as high as 25 per cent. The fact that error is possible suggests at once that some additional weapon for diagnostic purposes is necessary. In tuberculous infection this is not a difficult matter.
Various bacteriological methods have been exploited, and although efficient in themselves, some grave drawback has presented itself. The use of massive injections of old tuberculin has been abandoned, leaving us with Calmette's ophthalmo-tuberculin and von Pirquet's tuberculocutaneous reactions, and the reading of the records furnished by a series of opsonic indices. Calmette's reaction is out of favour with many, and von Pirquet's reaction, although according to Vallow (1911) [9] it is reliable as to the diagnosis of tuberculosis in the human subject, cannot differentiate the site of any particular tuberculous lesion. It cannot do more than indicate that the subject of the test is tuberculous, but it does not afford direct evidence that the lesion is situated in a particular joint.
The estimation of a series of tuberculo-opsonic indices in the hands of a skilled worker undoubtedly affords the necessary data as to joint infection. A simple routine is required. The limb is kept surgically at rest for a day or two before a sample of blood is taken. The joint is then moved, or the limb massaged, or a Bier's bandage applied, and a couple of hours afterwards a second sample of blood is taken. The limb is once more returned to rest, and a few hours later a third blood sample is obtained. As the child is practically at rest throughout the whole time the samples are being taken, there is little fear that the products from other lesions, if any exist, will exercise a disturbing influence upon the curve of immunity.
The result of movement or massage upon the joint, if a tuberculous lesion is present, is to liberate substances into the blood-stream, which will have the effect of producing a fall or negative phase of the opsonic content in the blood. Later, the last test should show that a rise of the opsonic index has taken place to a higher level probably than existed during the initial stage of rest. In tuberculous joints the excursions of the index are no mere fanciful variations, but present, usually, a steep fall and rise. When these are not present, it may be concluded that the lesion, if there is one, is not tuberculous, but is due to some other micro-organism.
Maynard-Smith (1909), [6] has recorded, from the point of view of the surgeon, the results of cases treated in the Inoculation Department of St. Mary's Hospital for the previous three years. In this report he gives a table of eleven cases illustrating the employment of autoinoculation tests in diagnosis. The procedure resorted to with a view to induce auto-inoculation was either massage or the application of a Bier's bandage for a period varying from a half to one hour. The fall in the opsonic index usually began about two to three hours after; the time of the after-rise was variable. In only one case did the result give doubtful evidence; one case, previously diagnosed as tuberculous, gave a negative tuberculo-opsonic result, but produced a variation with the gonococcus. The history subsequently confirmed this as correct. Maynard-Smith quotes another case, diagnosed as tuberculous, where the index to tubercle was normal, which subsequently proved to be one of simple arthritis.
My own experience in the use of the tuberculo-opsonic index as a diagnostic agent accords with the results obtained at St. Mary's Hospital. It is not possible to rely on a chance index when a decision is wanted; there must be evidence that definite auto-inoculation has occurred. The following case is a good example: In November, 1910, a child came under notice with eversion of the foot, limitation of movement of the hip-joint, pain on abduction and on tapping over the trochanter, lameness on walking, pain in the back, and some spinal curvature. Three indices were made under the conditions quoted above; these were P0, 092 and 1P23, showing but little variation. Radiographs were taken, which showed nothing abnormal in the joint. The child had been under observation for the past year, but has not developed tuberculosis.
Sir A. E. Wright [11] , in conjunction with Staff-Surgeon S. T. Reid, formulated data with regard to the tuberculo-opsonic power in cases of strictly localized tuberculosis, into which category tuberculous arthritis usually falls. They find that the opsonic index is low, and uniformly low-in exceptional cases as low as one-sixth of the normal. In the same communication they show that fluid drawn from a tuberculous focus will give an opsonic value many times less than that of the patient's blood. Xhus if fluid from a tuberculous joint be aspirated, and its o-psonic index taken, it will be found to be practically nil.
Sir A. E. Wright [12] and his fellow-workers, S. R. Douglas, John Freeman, the late J. H. Wells, and Alexander Fleming, published an important communication (1907) dealing with the phenomena which occur in the production of auto-inoculation. The study of the charts of the opsonic indices given under these conditions, particularly with reference to tuberculous arthritis, clearly proves the value of the opsonic index as a diagnostic agent. Exercise, massage, Bier's passive congestion, hot fomentations on the joint, all yield the same curvesan initial fall (the negative phase), followed by a rise of the opsonic index. If rest is enforced, a cessation of the fluctuations of the index ceases, denoting the stopping of auto-inoculations. The presence of other organisms in addition to the tubercle bacillus, such as the staphylococcus, can equally well be demonstrated by the opsonic method.
If fluid can be obtained fromn the joint in sufficient quantity, it may be aspirated and inoculated into guinea-pigs for diagnostic purposes. This method, although an absolutely positive one, is not always available, as it necessitates the investigation being conducted in an authorized laboratory.
The objections to the use of the opsonic index are, that it is a very laborious method, and, except in the hands of one constantly practising the technique, is liable to error. I am aware that various workers have condemned the findings of the opsonic index as being unreliable, and have stated that the limits of error are as great as the variations which are claimed to be produced by disease. Statisticians, to mention Karl Pearson (1910) [7] and Greenwood (1909) [4] , have examined the records of laboratories where the opsonic technique is as perfect as it humanly can be made, and they have calculated that the error is such as to invalidate the employment of this method as a gauge of the variation of the immunizing content. On the other hand, those who have used this for purposes of diagnosis, as well as for regulating the inoculations, have for the most part not yet, even after several years of careful testing, abandoned it. It is now seven years since Wright began to use the opsonic index extensively, and although it may now have been given up largely during the period of routine treatment (simply because those who employ inoculation are more conversant with the clinical manifestations), it still remains a most valuable aid to diagnosis. Especially is this the case in the disease under discussion, because the auto-inoculations can be produced or controlled at will.
TREATMENT.
The general principles of treatment have already been dealt with by the previous speaker. It remains to discuss:-(1) Methods which will produce auto-inoculations. ( 2) The administration of tuberculin.
(1) Treatment by auto-inoculation in the case of joint infection possesses the insuperable difficulty that the fundamental principle of keeping the joint absolutely at rest is violated, except in the method of passive congestion associated with the name of Bier. Even under the latter conditions the dose introduced into the system cannot be regulated, and, as has been shown in the remarks dealing with diagnosis, a steep negative phase may be produced. The use of Bier's method is naturally confined to such joints as are somewhat remote from the trunk, and, further, it is easy to realize that the distal joints are less liable to pour an excess of inoculating material into the body than more proximal ones. It is interesting, therefore, to note that Ely [2] , who has had a very wide experience with this form of treatment, asserts that ankles and wrists do better than knees and elbows, whilst for hips, shoulders and spines the method is not to be commended.
The only advantage that can be claimed for any method of autoinoculation in the disease before us is that an autogenous vaccine is introduced. This, however, appears to be of little moment, as I cannot find any evidence that one strain of tuberculin is better than another, when employed for therapeutic inoculation.
(2) The administration of tuberculin. This section of the subject may perhaps be most conveniently presented to you for the afterdiscussion, if I proceed to elaborate the problems that arise from it. Problem I.-Having ascertained that the joint or joints are tubercu-
lous, under what conditions should tuberculin be used.?
I have reminded you previously that movement of the joint produces auto-inoculations, with variations of the tuberculo-opsonic index, and also that the index of a patient at rest, suffering from a localized tuberculous lesion, is invariably low. Lastly, the fluid or pus removed from a joint contains practically no immunizing material. Accepting these statements as facts beyond dispute, it follows that vaccine therapy cannot be in any way antagonistic to, or supersede, the simpler forms of surgical treatment, such as rest by extension, aspiration where there is excess of fluid, and consequent pressure hindering and preventing free circulation in the tissues of the joint.
Tuberculin inoculations aim rather at raising the general resistance of the body to a normal level, and thereby incidentally giving the tissues in the immediate neighbourhood of the tuberculous lesion a better chance than they otherwise would have of destroying the infecting organism and effecting a repair. Nature aims at this by tending to immobilize the joint; and the surgeon aids Nature by making that immobility complete, by restoring circulation through the removal of pressure, and in more advanced states by excision and drainage. Artificial immunization can also aid Nature when the surgeon has played his part.
We may take it, therefore, that tuberculin should not be injected until all chance of auto-inoculation, either by natural movement, massage, or operative interference, has been eliminated. It is a fundamental principle in vaccine therapy that deliberate artificial immunization must not coincide with chance auto-inoculation; otherwise, as has been repeatedly shown, two inoculations may occur close upon one another, resulting in the disastrous production of a severe negative phase. Disastrous, because during the negative phase the invading organism has opportunity for further multiplication and advance.
The reason why rest is so all-important is that during exercise repeated auto-inoculations are occurring, with the result that an intensive and prolonged negative phase is produced.
These are the premises in vaccine therapy which seem to fit in with the ordinary procedure in clinical surgery.
In tuberculous joints there occurs at times the formation of abscess under pressure from within. It is obvious that immunizing substances from the blood will not reach the infected area, if the pressure in the cavity is higher than that of the blood. Consequently, vaccine therapy is of no value as regards the lesion until this pressure has been removed by drainage, and, if necessary, erasion or excision. Lastly, if the abscess fluid is found to contain other organisms than the tubercle bacillus, it may be worth while to employ other vaccines beside tuberculin. This will depend upon the estimation of the patient's resistance to these secondary organisms.
When possible, at the outset of treatment one proceeds with the estimation of a series of opsonic indices taken under conditions of complete rest. Unless these show a marked variation, or are abnormally high, a preliminary dose of n0U-mg. to T-1mg. of tuberculin is injected subcutaneously. It seldom happens that any marked reaction follows so minute a dose. Yet it is usually sufficient to raise the opsonic content to an appreciable extent without causing a negative phase of any importance clinically. It has been found that the injections may, with advantage, be repeated about once a week, as the immunization curve, heightened by the preceding inoculation, begins to fall again. There is no apparent object in increasing the dose, unless it appears that the response to the injection is insufficient for material progress. The larger quantities used five or, six years ago in this country, though small in comparison with those of Continental workers, have for the most part been abandoned, as not only unnecessary but even harmful. It is interesting to note here, that the introduction of these minimal doses was a direct result of the tracing out of the opsonic curve day by day during the course of treatment, and not of purely clinical observation.
Problem II.-Can tuberculin be given safely without recourse to the opsonic index ?
Yes. There is no doubt that it is, nowadays, far more possible, in the light of the information acquired from the data already furnished by the opsonic index, to employ tuberculin safely and successfully as a routine practice. The very diminution in the size of the dose, and the greater limits of time adopted, both make for increased safety in administration. I will quote some remarks from a letter from Dr. Eyre to me bearing on this point. In Guy's Hospital, " in almost every instance of treatment of tuberculous arthritis, Koch's tuberculin T.R. has been used. Exact figures, as in the case of the other statistics, cannot be given. . . The interval of inoculations varies between eight or nine days to seventeen days, and the injections are given on general clinical grounds, although in 1905-06 the value of those clinical grounds was controlled by observations of the opsonic index. Even now we frequently use the opsonic index to determine whether or no an initial dose is a suitable one, and how soon it should be repeated."
Mr. A. Richardson, Resident Surgical Officer, the General Infirmary, Leeds, kindly informs me as follows: " We do not use the opsonic index in our treatment with tuberculin. We use the B.E. tuberculin. We do not differentiate between human and bovine strains. We only find good done in early cases. The dose starts at < mg. and reaches lXO mg. The injection is given every ten days. We do not use the index for determining when the limb may be used."
Dr. Loveday, of the Manchester Royal Infirmary, tells me that he uses the opsonic index for diagnostic purposes, and also to guide the dosage at the commencement of treatment. " Having established a suitable dose by the index, I continue treatment now without it, except in special cases or as occasion may arise. I formerly used T.R., but now B.E., both of human type. Inoculations are generally given every fortnight. The dose varies from about W-UU ing. to -N I u mg." It appears from the correspondence which has reached me in connexion with this subject, that the above represent the course followed in hospitals where there are facilities for carrying out the work, but the majority of surgeons do not avail theiyselves of this method of control, and a greater number still do not use tuberculin at all. Problem III.-What is the proper form of tuberculin to use, seeing that infection may be of either bovine or human origin?
In discussing the aetiology of this disease I produced evidence to show that the infection might be either of bovine or of human origin. From the early days of therapeutic immunization it has been usually the practice to use Koch's T.R. of human origin. This custom has apparently continued in the centres where tuberculin is most employed -namely, at the liondon Hospital, at Guy's, and at St. Mary's.
Bovine has been used, but I am informed that, on the whole, these children do better on the human strain of T.R. Eyre tells me in this connexion that he always uses the latter. "We do not," he says, "differentiate between human and bovine strains in treatment. The only time we make use of bovine tuberculin is when a case is complicated by the existence of tuberculosis of the lungs. Such cases we find usually stand injections of bovine tuberculin better than human tuberculin." Nathan Raw's views are, I believe, peculiar to himself. He considers that the two strains of bacilli are antagonistic to each other, and that infection with one variety protects against the other. I do not myself presume to criticize his statements or his results, except to remark that they do not coincide with the findings of the workers on the Royal Commission.
I have used Koch's T.R. for several years, and more recently the B.E., both of human origin. For a short time I used Beraneck's preparation, and abandoned it for Denys's method. But it was difficult to arrive at any precision of treatment with either of these substitutes. I now use the bacillary emulsion, as it conforms more closely to the ordinary type of a standardized emulsion of the dead microbe.
Problem IV.-What are the therapeutic effects of tuberculin in this disease: (a) As regards the general condition of the patient! (b) As regards the local condition in lessenting the time necessary for complete rest ? (c) Diminishing the necessity for operation by stopping the progress of the disease in the early stages? I have found it advisable to split up the consideration of the therapeutic effect of tuberculin under these headings in order that we may more easily disc,uss the several factors concerned, and also because of the absence of any statistics definite enough to guide us at the present time to a simple conclusion as to its value. The first question is easy to answer, particularly if we inquire as to what happens in a far commoner tuberculous infection-namely, tuberculous adenitis.
In both these conditions children improve as to their general health. Their appetites and tempers become more like those of normal children; the dry, powdery, ill-nourished skin gets supple and moist; they increase in weight, and the glands diminish, unless they are already baas of caseous material. Children suffering from adenitis amongst the poorer classes usually come to the hospital as out-patients, so that it is to the tuberculin and not to a change of environment, as in the case of in-patients, that the improvement is due. In the case of tuberculous arthritis, the children are necessarily admitted as in-patients, so that this additional factor of improved environment is introduced. ,Dr. Gordon Pugh, who is in charge of Queen Mary's Hospital for Children at Carshalton, says in reference to this point: " There is some difficulty in estimating the value of any special treatment, for the majority of our patients come from poor surroundings, but the fresh air and good food alone work great changes in the patients." I may mention that tuberculin is used at this hospital, but he remarks: " The experience in the use of tuberculin here is not sufficiently extensive to allow me to arrive at any conclusion as to its efficacy." Of direct negative evidence I have come across but little. Mr. Seymour Barling, of the Birmingham General Hospital, writes as follows: " The reason the administration of tuberculin was given up by myself personally, was that I failed to see that it produced improvement other than that which could be produced by ordinary palliative measures. . . Provided that one can get the cases early, and have reasonably good conditions for carrying out palliative treatment, the results of joint tuberculosis in children so treated are on the whole exceedingly good." It is only fair to say that the doses -ised were 5-6 mg. to TfOjmg. of tuberculin. It may have been that these excessive amounts had something to do with Mr. Barling's negative results.
Loveday and Ramsbottom (1908) [5] on the other hand, find that in a series of twentv-two cases of tuberculous adenitis treated by tuberculin in much smaller quantities ( mg. to -N-6 mg. T.R.), ten derived considerable improvement, " in that there was great improvement in the patient's general health, with complete disappearance or marked reduction in the size of the glands.".."..... .. Of seven cases of tuberculous bones and joints (six joints and one bone), six showed considerable improvement." The evidence here is not direct, as the authors do not state the ages of the patients.
Dr. Moore, of the Royal Sea Bathing Hospital, Margate, writes as follows in answer to my queries: "The opsonic index was used, but chiefly for showing positive and negative phases, and at the commencement of treatment. We use human tuberculin now; we have used bovine. I consider that tuberculin does not shorten the time. I cannot say that I have seen any one case which might be said to owe improvement to the use of tuberculin. If improvement is present, it is due to rest, feeding, &c. I have seen a considerable number of cases, and have often seen cases do badly with it. As regards the dose, we start with 2 u ii mg., or -f-5?euZ mg. or T?2liY mg., push up to -50 mg., and watch for any reaction. We do not control the doses by the opsonic index, as we do not find it reliable. We do not use the opsonic index for determining the tilme when the limb may be used. As regards the statistics, I have not got them, but the number is relatively small."
Dr. F. W. Andrewes informs me that at St. Bartholomew's Hospital the surgeons employ tuberculin at their own discretion, but he does not think that any of them are now treating tuberculous arthritis with it. They use tuberculin at times for diagnostic purposes. Opsonic methods are not employed as a routine. Dr. Topley, of Charing Cross Hospital, cannot find any records of tuberculin having been employed at this Hospital.
Dr. Archibald Campbell, of the Royal Infirmary, Glasgow, answers my inquiries as follows: "The opsonic index is now only occasionally used for diagnostic purposes, because of the number of estimations that have to be made on a given case to make it reliable. We use T.R., T.B.E. tuberculo-sero-vaccine S.B.E. of Meyer, both human and bovine strains, and also Beraneck's tuberculin. We not infrequently mix bovine and human. Some of our surgeons stipulate bovine for one case, human for the other. We do not use the opsonic index now; we used to, but the work became so heavy that we had to give it up. As to whether the use of tuberculin cuts short the necessary time for surgical rest, it is purely a question for the surgeon. The doses of tuberculin supplied to the wards vary from LT%6o mg. to o mg. of tuberculin." I think, without saying more, it is generally agreed by those who have worked systematically by minimal doses with tuberculin, that improvement in the general health in cases of localized tuberculosis usually does take place, and that the small particular evidence available does not contradict this observation in the cases under discussion.
I comne now to the goal to which my footsteps have been somewhat tardily approaching. I say this advisedly, because if I were able to bring before you an overwhelming array of statistics either for or against the use of tuberculin in this affection, it would not have been necessary for me to have stopped to examine so many points in my argument. It appears from investigation that there are not many who have done much work in this matter; what has been done is at present small in amount; a little of it has been tabulated, the major part not at all; and, on the other hand, there appears to be a prejudice held by many surgeons against the use of tuberculin at all. Such prejudice, I think, is based for the most part partly on insufficient data, and partly on the adverse results obtained by imperfect methods of use. In institutions, where the work has been systematically carried out through the help of a laboratory, the use of tuberculin has increased, and the results obtained are, to say the least, encouraging. It may be argued on the other hand that the laboratory has to justify its existence, and that therefore too favourable a complexion is put upon the results, at any rate as far as tuberculin is concerned. But I am going to give you a few statements from those who have availed themselves of the services of the laboratory, which go to show that there is some benefit from the use of vaccine therapy in tuberculous arthritis.
The first paper in which there is any attempt to deal thoroughly with this question was published by Maynard-Smith (1909) [6] . Nineteen of his cases were children of 16 years and under. They came under treatment between 1906 and 1908, and the majority had tuberculin for at least a year. Of these, fifteen had been under treatment with rest and splints, but were not getting better. They either had sinuses, which would not heal, or painful swellings. Four had been operated on previously. In 1909, sixteen of these nineteen children were getting about, and in every case, though in some there was some limitation of movement, it appeared that the foci were healed.
These figures seem to show that not only was the time necessary for rest cut short, but also that there was distinct evidence to prove that tuberculin had produced a positive result, when other measures had failed. Western (1907) [10] , in a paper on the results obtained in the Inoculation Department at the London Hospital, says: " We have had under treatment seventeen cases of tuberculous disease of joints and synovial sheaths. Of these, six patients ceased to attend before treatment had been in progress for one month. Of the remaining eleven cases, seven are either completely cured or show very great improvement, two show no improvement, and two show slight improvement. The two cases showing no improvement are bothcases of senile tuberculosis in patients over 60 years of age. The ordinary treatment with splints or plaster has been carried out in conjunction with inoculations, and in a few cases Bier's mnethod of passive congestion has been added, with apparent benefit. Inoculation treatment of joints and tendon sheaths is, therefore, in our experience, attended by good results, especially in young subjects and in early cases, and given such conditions a cure and good movement may be expected. Where there is much destruction of tissue and sinuses are present, progress is slow and movement will probably be considerably limited." Two illustrative cases are quoted: A boy, aged 6 years, was under treatment with a splint for the knee for two years without any improve-ment. His temperature was 98°F. to 1020 F. Inoculations were begun on April 4. On May 19 the pain had ceased; temperature was normal. In December the synovial membrane was still slightly thickened. There was free movement of the joint to a right angle. There was great improvement in general health. The second case was still more striking. A girl, aged 15 years, had worn a Thomas's splint for tuberculous arthritis of the knee since 1899. The condition in November, 1906, as noted by the surgeon in charge, was swelling of the knee, thickening of the synovial membrane, and some pain in the joint. Inoculations began on November 9. " Now, May, 1907, the knee appears normal. There is no pain or local swelling. Movement can be carried out within 30 degrees. The splint has been discontinued." This is striking evidence that tuberculin is a most active factor in stopping the infective process, particularly in the synovia] membrane.
Dr. Western, of the London Hospital, answers my circular letter as' follows: "Thirty-seven children under 14 years of age have been treated with tuberculin. The opsonic index has been used in doubtful cases for diagnosis. I consider this method is reliable for this purpose. We have used T.R., B.E., and Perlsucht B.E. We do not differentiate between human and bovine infections in treatment. Bovine has been used in some cases, but as the strains have not been isolated from each case in order to differentiate treatment, I cannot answer in definite figures as to whether tuberculin has any effect in shortening the time during which the joint has to be kept suirgically at rest. The dose of tuberculin varies from a-mg. to S O mg. or larger. We used to control the doses by the opsonic index, but do not do so now. We sometimes use the opsonic index for determining the time when the limb may be used." I had hoped, when I had embarked upon this inquiry, to have obtained from the hospitals where such work is being carried out statistics which might have been-and which certainly ought to beproduced. The correspondence, however, has brought out:-(1) That in many hospitals no tuberculin treatment is used.
(2) That often, where employed, it has not been carried out systematically and no special records have been kept.
(3) That where the work has been carefully followed up statistics are not available at present, but the results are definitely in favour of using tuberculin.
(4) The number of cases of tuberculous arthritis in children which are treated in the general hospitals are not many, compared with those that find their way to the children's hospitals. In the latter there is seldom the staff necessary to carry out this work in its entirety, so that here, again, one has suffered disappointment. Dr. Eyre, of Guy's Hospital, is unable to give exact figures as to the duration of treatment, but he has a distinct impression that the period of surgical rest is shortened very considerably. " I have," he writes, " one particular case in mind where, after a period of two years' surgical rest and a plaster splint, fluid from the joint (a knee) contained virulent tubercle bacilli, and the X-rays showed a considerable amount of active disease. After six months' treatment with tuberculin the limb was again in use. Usually, of course, surgical rest is maintained for a much longer period than this."
Mv own experience has been derived entirely from patients of the better class, and has been necessarily very limited as regards tuberculous -arthritis, but wider in respect to adenitis. I have had, however, this advantage, that the cases have conme under notice early, whilst the infection was purely tuberculous and confined to the joint. Further, the environment of the children has n6t been changed as regards food, light and air, so that one has had no disturbing factors outside the surgical rest and the use of tuberculin to take into consideration.
I have had under my personal observation ten cases; all were in the early stages of the disease, except one which had recurred after an intermission of five years. This one was, as far as the nature of recurrence, an early one. With one exception they were all the children of the better class. The average length of time in which they were kept in splints varied from six nionths to fifteen. Every case has apparently recovered the free use of the joint, and there have as yet been no recurrences except the one mentioned above, in which a second recurrence took place at the age of 15 years. A third recurrence occurred in the same hip-joint two years later. This has, however, again rapidly yielded to tuberculin without surgical rest being adopted. Every one of the earlier cases was tested repeatedly for the opsonic index; and it is only during the last two and a half years that this has been abandoned as a routine practice, because it was felt that one's clinical experience had, from the knowledge acquired from many observations of the index, become sufficiently formulated to enable one to run, as it were, without these leading strings.
My impression is that these cases benefited by the tuberculin; indeed, it not infrequently happened that the child flagged if it was discontinued, while at the same time the index usually dropped. After cure had been effected, I mean by that free mobility, without pain, and without fluctuations in the opsonic index, incident upon exercise, I have found it necessary in several cases to continue the tuberculin at intervals of from a month to six weeks, particularly in the winter months. This was frequently the outcome of observations on the part of the mother. The child would flag, lose appetite, and if an index were taken it was often in the neighbourhood of 0 6; tuberculin under such conditions seemed to act as a tonic. In the case of adenitis this is, in my experience, the usual clinical occurrence, so that I do not think it is the hazy surmise of a general practitioner, but an important clinical fact.
One other point, which I think is important to bring to your notice. In two cases tuberculin did not seem to have any beneficial effect until the children were sent to the seaside. In the first case in which this happened there was no response in the opsonic index when at home. The child was removed to Westcliff; but that change alone did not seem to be of much use. Directly, however, tuberculin was started again, the index rose with a concurrent and general improvement. This child to-day, four years later, is well and strong, and the hip-joint shows no limitation of movement, and to the X-ray appears to have entirely healed, as far as the initial lesion in the bone is concerned.
These numbers are too small to base any definite conclusions on, but I venture to think that the results have been remnarkably even and that the period of healing has been less than usually obtains even amongst the children of the upper classes. Then, again, recurrence has been remarkable for its absence. One certainly used to expect in a weakly child, with adenitis preceding the joint infection, that even when the latter was apparently cured there was not infrequently a recurrence within a couple of years. Operative measures have not been found necessary; whereas, formerly, I am sure that erasion at the least would have been performed in some of the cases. I am not aware that of recent years, since the advent of tuberculin, any more care, surgically speaking, has been taken by myself; the only additional feature besides tuberculin has been the employment of X-ray pictures before and towards the end of treatment.
Broadly speaking, it is evident that children have a great recuperative faculty in respect to tuberculous arthritis, and it would appear that this is stimulated and called into action by the judicious use of tuberculin.
Problemii V.-When may treatment be stopped, that is, when can it be said that the joint is cutred? Clinical evidence, coupled with that of an X-ray picture, is not absolutely reliable. Add to these a normal opsonic index for a month or two, and the position is very much strengthened. Can it be said, however, that a joint once affected with tubercle is ever absolutely cured?
Exercise must be very gradual and the estimations of the opsonic index during this stage are of the utmost value. The opsonic index will vary at once if exercise is producing any auto-inoculations. If this occurs, rest again is imperative. Indeed, if it were not possible to use indices at any other stage it is imperative to einploy thein at this point. Maynard-Smith [6] raises the question as to when a cure has been accomplished, and suggests that something besides clinical methods is necessary. He is hinting at the employment of the opsonic index to detect auto-inoculations as described in the earlier part of his paper, when discussing the diagnosis of tuberculous joints. Problemi VI.-When mnay supervision be abandoned r It is impossible to state whether tuberculin tends to prevent recurrence if only given during the active and convalescent stages of an attack. It is tempting to suggest prophylactic inoculations (with periodic estimations of the opsonic index) over a period of several years until adult life has been reached.
As to the question of cure, no one can say definitely when absolute cure has been effected. The microscopical appearances may show nothing, and even the index may remain normal for a long while, and yet the disease may recrudesce in the same joint months, even years, after. I remember being shown a photograph of a lad at school which had been taken some eight years before, and showed him in the fancy dress of a hussar, and one leg in irons. His relatives could tell me nothing very definite as to why he wore irons or how long he wore then. This boy went afterwards to the University. He worked and rowed for his college. He noticed towards the end of his time at Cambridge that he got stiff in the hip-joint, but did not pay much attention to it. He came down and saw me for general seediness. I noticed that he stood with his left foot slightly everted. Examination suggested a slight want of mobility in the joint. He saw a surgeon, and was X-rayed. He was put on extension, and during the next few weeks opsonic indices were made, which also were condemnatory. The recrudescence had not occurred for twelve years, and no doubt was brought on by excessive work and exercise. He recovered, apparently, and was able to read for and pass a professional examination. He obtained work in his profession and after two months of this he complained of pain and stiffness again in the same hip. An X-ray showed that the acetabulum had now become infected, although the former slight ulceration on the edge of the articular surface of the head of the femur had not broken out again. He stopped work, had several months' extension of the limb, combined with tuberculin, and when everything had apparently healed went to South Africa to a relative. There he lived an out-of-door life away from his books, and returned home a year and a half afterwards. He began reading at once for his final examination, and within a month was again under observation. His indices were again variable, and there is very little doubt that again he had a recrudescence of his old trouble. The attacks were evidently never very acute at any time, but still sufficient to spoil his life for the time being. In this instance tuberculin was given in the last three attacks, and with very inarked advantage both locally and generally, but it did not exterminate the tubercle bacillus from his left hip-joint.
CONCLUSIONS.
(1) The infection is often of bovine origin, and occurs through the alimentary canal, the infecting food being usually milk.
(2) Among the working class, environment, as well as food, is an all-important factor.
(3) The occurrence of auto-inoculations, as evidenced by the fluctuations of the opsonic index, is a valuable guide not only to diagnosis but also to the determination of whether or no a cure has been effected. (4) Apart from the preceding conclusion it is not necessary to employ the opsonic index during the whole course of treatment, provided that the case, clinically, is pursuing a favourable course.
(5) Tuberculin, given in small doses, under conditions of surgical rest, is a remedy which tends to accelerate the rate of recovery. (6) Children have a naturally recuperative power, which apparently is called out by the use of a bacterial vaccine in certain cases which do not automatically respond to surgical rest, and improved environmient. Is there any relationship between tuberculous bone disease in children and phthisis in after-life? [16] " As regards phthisis, there is very little evidence that it is ever due to infection with the bovine virus. The cases in which bovine bacilli have been isolated from the cavities of the lung are few, and not free from doubt. On the other hand, there is good reason to think that primary abdominal tuberculosis is not uncommonly of bovine origin. (Vide findings of the Roval Commission.) Weber, one of the German Commission, in a later report, states that of eighty-four cases of tuberculosis in children which were exhaustively studied, no fewer than twenty-one were infected by the bovine bacillus; six of these were tuberculosis of the cervical glands, while thirteen were cases of primary abdominal tuberculosis. In the whole series of eighty-four patients there were twenty-one cases of primary abdominal tuberculosis, of which seven gave the human bacilluis."
If we hold the theory that the majority of bone cases in children have become infected through the alimentary canal, and if we also bear in mind the fact that a large numuber of children of the upper classes become infected every year with tuberculous joints and glands, and that these have in very many instances been very carefully protected from any possible contamination with phthisical cases, but have had an abundance of raw milk and cream, it is not unreasonable to argue that a tuberculous bone does not necessarily lead to pulmonary tuberculosis in adult life.
Nathan Raw holds a still stronger position than this, and thereby possibly confuses between cause and effect. He maintains the antagonism between the two strains of tubercle bacilli. We have, however, no other parallel to this in the bacteriological world.
Dunn has shown, from data derived from a number of post-mortem examinations, that over 70 per cent. of the population of these islands have suffered from some tuberculous lesion or other, and that the vast majority of these lesions, amounting to 67 per cent., occurred between the second and the tenth years. What proportion of bone cases were contained in these figures it is not possible to estimate, but, at any rate, seeing the high incidence of pulmonary tuberculosis, it is not improbable that many even of the bone cases subsequently developed phthisis. But it does not necessarily follow that one took causal precedence of the other. It is suggestive rather of a coincidence occurring naturally with high percentages.
DISCUSSION.
Mr. ROBERT JONES (Liverpool) said all present would agree that there had been three most admirable opening papers to the debate, so that but little was left for others to say. He was enchanted with the delightful pathological views which Sir Anthony Bowlby had expressed, and he was in practical accord with the opinions of both the surgical openers. He recognized with them, as he thought all other practical surgeons would, the greatest possible difference between tubercle in the adult and that disease in the child. In the adult one operated almost immediately; one wished to fix the joint as soon as possible, rather than wait for years for a cure. But in children he believed he had only five or six times in his life excised a joint, although on eight or ten occasions he had been compelled to amputate. He agreed with both speakers that tubercle in the early stage nearly always ran a benign course if certain things were recognized. The first was that the affected joint should have absolute rest in correct position; the second was good food; and the third, good country air. For many years he had been associated with hospitals where children were treated not simply indoors during the night and out of doors during the day, but where they had lived out of doors night and day. That had been the case for years at West Kirby, and at Baschurch, where sixty children lived throughout the summer and winter, in spite of snow and sleet, in the open air. His observations led him to say that there was the greatest difference between
